Summary.
Electron microscopy of unstained, fresh air-dried spreads of the mouse brain revealed well-preserved ultrastructures of neurons and synaptic boutons filled with synaptic vesicles. Energy dispersive X-ray microanalysis of the neuron nucleus disclosed peaks for phosphorus, sulfur, chlorine and potassium. Electron microscopy of unstained, fresh air-dried spreads of various animal tissues has disclosed fine structures of cells and fibers. Application of the spreads to energy dispersive X-ray microanalysis has revealed several electrolyte elements in the substructures (COSTA, REESE and MURPHY, 1974; COSTA et al., 1977; SKAER, PETERS and EMMINES, 1974, 1976; CHANDLER, 1977; CHANDLER and BATTERSBY, 1976a, b; TAKAYA, 1975a TAKAYA, , b, 1976 TAKAYA, , 1977a . However, lighter elements present in a relatively small amount are not detected because their peaks are submerged in those of the background noise. Magnesium is one of the most abundant divalent cations in the brain and calcium is next to it (KATZMAN and PAPPIUS, 1973) . The magnesium distribution in the brain is, however, little understood because no methods to preserve magnesium in the specimen or sensitive techniques to disclose a small amount of magnesium are available so far.
Electron microscopy of unstained, fresh air-dried spreads of the mouse brain disclosed various substructures of the neuron, myelin and synaptic boutons with synaptic vesicles (TAKAYA, 1977b) . In this study, energy dispersive X-ray microanalysis was employed using unstained, fresh air-dried spreads of the mouse brain in order to know the distribution of magnesium as well as other electrolyte elements in these substructures.
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MATERIALS AND METHODS
Unstained, fresh air-dried spreads or print preparation of the mouse cerebral cortex was prepared on the collodion membrane covering the copper grids on the glass slide according to the method previously described (TAKAYA, 1976) . They were immediately air-dried and observed under the conventional electron microscope (HS-7 or JEM-100S) at acceleration voltages of 40 to 100kV. For the electron probe microanalysis, an energy dispersive spectrometer (EDAX) attached to the conventional electron microscope (JEM-100C) with the scanning transmission attachment (JEM-ASID) was employed.
The spectrometer was connected to the micro-Edit computor system to remove the background noise and calculate the integrated pulse counts for the individual elements. Acceleration in diameter and integrated pulse counting time was 100 to 300sec. The specimen in diameter, and integrated pulse counting time of 100sec was used since the condition gave distinct peaks especially for magnesium against the background noise. Six or seven regions on the nucleus and the cytoplasm of two neurons and two synaptic boutons were analyzed.
RESULTS
Electron microscopy of unstained, fresh air-dried spreads of the cerebral cortex revealed neurons with a large oval or round nucleus containing a dense structure corresponding to the nucleolus ( Fig. 1) (TAKAYA, 1977b) . The size of the nucleus was has irregular densities.
Although it was usually difficult to distinguish the fine structure of the perikaryons in thick specimens, the cytoplasm of the neuron body was revealed to contain various organelles, including rough endoplasmic reticulum, ribosomes, dense bodies, secretory granules, and mitochondria with fine dense granules all nearly equal in size, in thin preparations. Its margin was distinctly delimited by surrounding bouton-like structures described below.
Some cells had larger elongated nuclei of higher densities than those of neurons. They had scanty cytoplasm around them, which was surrounded by abundant boutonlike structures.
Boutons were scattered in the synaptic regions, and recognizable by being filled with synaptic vesicles. They showed a peculiar arrangement like bunches of grapes (Fig. 2) . Synaptic vesicles were observed in unstained, fresh air-dried spreads. On higher magnification, the synaptic vesicle had a boundary membrane (Fig. 2, inset) . After treatment of spreads with osmium tetroxide in benzene, the synaptic vesicles of some boutons were stained with this material.
One or two mitochondria were usually found in each bouton. They were coiled or bean shaped. The mitochondria of these areas were conspicuous by containing only a few small dense granules less than 30nm in diameter. Note a large neuron nucleus (N) (white arrows indicate its edge) with a nucleolus (n) surrounded by abundant cytoplasm with irregular densities containing rough endoplasmic reticulum (rER) and mitochondria with fine Away from the neuron, a large number of houtons are seen.
They contain peculiar coiled or rod-shaped mito-
The myelin sheath was seen to be two parallel dense stripes with a narrow less dense area between them. It showed swelling in several regions along its course. The less dense area probably corresponds to the axon and has slender mitochondria with fine dense granules and membranous structures running longitudinally.
Breaks often appeared at the edges of the nucleus, mitochondria and granules in the cytoplasm as reported in other tissues (TAKAYA, 1976) . Electron microscopy of the spreads at an acceleration voltage of 100kV decreased the number of breaks, although it was more difficult to recognize the substructures mainly due to the lower contrast of the image. For microanalysis, several regions on the nucleus and the cytoplasm were first recognized by scanning transmission microscopy as in Figure 3 . The central and peripheral regions on the nucleus, less dense areas and dense areas of the cytoplasm, mitochondria and synaptic boutons were analyzed. Energy dispersive X-ray microanalysis of six or seven regions on the nucleus and the cytoplasm of two neurons and two synaptic boutons and removal of the background noise using a micro-Edit computor system revealed magnesium, phosphorus, Fig. 3 . Scanning transmission electron micrograph of the neuron nucleus and its perikaryon before microanalysis. N nucleus, A less dense area in the cytoplasm, B dense area in the cytoplasm, C mitochondria with Table 1 . X-ray counts for the elements in analysis of the nucleus and cytoplasm of two neurons and two synaptic boutons after removal of the background noise (Mean with SE) * Number in the parenthesis indicates that of regions examined. of energy dispersive X-ray microanalysis of a region on a synaptic bouton in the mouse cerebral cortex indicating low but distinct peaks for magnesium.
Analytical conditions are the same as in Figure 3 . Fig. 9 . Removal of the background noise from the spectrogram in Figure 7 left peaks for magnesium. sulfur, chlorine, potassium and calcium. The X-ray counts for the elements were summarized in Table 1 . In the spectrograms, phosphorus, sulfur, chlorine and potassium showed conspicuous peaks. In analysis of the nuclear regions, peaks for magnesium were often distinct (Fig. 4) . Removal of the background noise left distinct peaks for magnesium (Fig. 5) . In analysis of the regions of cytoplasm, peaks for magnesium were rarely found (Fig. 6) . Background noise removal often left no peaks for the element (Fig. 7) . Microanalysis of the area, except mitochondria in two synaptic boutons, disclosed peaks for magnesium (Fig. 8) which remained after removal of the background noise (Fig. 9) . Peaks for calcium were almost al- (GUPTA and HALL, 1978) .
Microanalysis of mitochondrial dense granules in the perikaryon revealed high peaks for phosphorus and calcium and low ones for chlorine and potassium.
In the regions between the granules, intermediate peaks for phosphorus, sulfur and potassium and a very low one for calcium were revealed.
Whole mitochondria in the synaptic boutons did not disclose peaks for calcium but individual dense granules using a beam spot of about 10nm in diameter disclosed peaks for calcium and phosphorus.
DISCUSSION
The method for preparing fresh air-dried spreads of nervous tissue for electron microscopy and the fine structure of glioma cells in the brain were reported by FERNANDEZ-MORAN (1948) . Synaptic boutons filled with synaptic vesicles were revealed using air-dried spreads of the brain after negative staining with phosphotungstic acid (GRAY, 1966) . As described here, several fine structures are recognizable by electron microscopy of unstained, fresh air-dried spreads of the brain without fixation or staining.
Calcium ions perform a decisive role in synaptic transmission in the nervous system and other processes in the stimulus-secretion coupling (RUBIN, 1970; RASMUSSEN and GOODMAN, 1977) . However, calcium distribution in the brain is little understood. Intracellular calcium in other cells has been relatively well studied by biochemical and X-ray microanalytical methods.
It has been localized to the nucleus (GUPTA and HALL, 1978; YAROM, PETERS and HALL, 1975; TAKAYA, 1975b) , mitochondrial granules (SUTFIN, HOLTROP and OGILVIE, 1971; SOMLYO et al., 1974; TAKAYA, 1975b TAKAYA, , 1976 TAKAYA, , 1977b , secretory granules (TAKAYA, 1975a (TAKAYA, , 1976 GUPTA and HALL, 1978; NORMANNand HALL, 1978) and endoplasmic reticulum (SOMLYO, SHUMAN and SOMLYO, 1977; HENKART, REESE and BRINLEY, 1978) . The concentration of calcium ions in the squid axon is reportedly about 10-5 mole and 99.9% of the calcium is not ionized (BAKER, 1976) .
Magnesium is one of the most abundant intracellular divalent cations and is next to potassium in amount (PEACH, 1975) . Magnesium in the squid axon cytoplasm was reported to be about 6-8m mole in concentration (BAKER, 1976) , about 3m mole of which being ionized (BAKER and CRAWFORD, 1972) . Its concentration is regulated by several mechanisms including influx and efflux of the electrolyte through the cytoplasmic membrane.
Magnesium performs important functions in the regulation of a number of enzymes in the nucleus as well as in the cytoplasm (DIXON and WEBB, 1964) and is also concerned with the physical integrity of DNA, RNA and ribosomes (AIKAWA, 1976) . Detection of higher X-ray counts for magnesium on the neuron nuclear regions presumably indicates a higher amount of magnesium in the nucleus, although a quantitative approach is necessary to clarify this point. It may be present in the neuron cytoplasm in a very small amount which is hardly detectable with the energy dispersive X-ray spectrometer.
It is interesting to detect higher X-ray counts of magnesium in the synaptic boutons than in several regions in the cytoplasm.
They probably came from magnesium in the plasma membrane, cytoplasm, their synaptic vesicles, mitochondria and other unknown substructures resembling smooth endoplasmic reticulum in the synaptic bouton. Magnesium ion depresses the central nervous and neuromuscular systems by inhibiting the release of acetylcholine (RUBIN, 1970; RICHTER, 1976) , probably antagonizing the action of Ca++ at the synapse from the outside (DEL CASTILLO and ENBAEK, 1954; RUBIN, 1970; HUBBARD, 1973) . Endogenous magnesium in the synaptic boutons in the brain appears also to participate in the inhibition (MILEDI, 1973) . Endoplasmic reticulum might participate to sequester magnesium in the boutons as is postulated for calcium in the synaptic bouton (RAHAMIMOFF and ABRAMOVITS, 1978) , and revealed in the squid axon cytoplasm (HENKART, REESE and BRINLEY, 1978) . Further studies are necessary to elucidate the nature of the magnesium role in the synaptic boutons.
Results of X-ray microanalysis using fresh air-dried spreads of soft tissues are to be cautiously interpreted.
Redistribution and absorption of ions may occur during the preparation of fresh air-dried spreads to an unknown degree. However, a number of authors have successfully applied fresh air-dried specimens of several animal cells and tissues to a qualitative analysis.
X-ray microanalysis of dense bodies of platelets (SKAER, PETERS and EMMINENS, 1974; COSTA, REESE and MURPHY, 1974; COSTA et al., 1976; TAKAYA, 1975a) , sperm cells (CHANDLER and BATTERSBY, 1976a, b; CHANDLER, 1977) , zymogen granules of pancreas acinar cells and melanin granules of human melanocytes (TAKAYA, 1976 (TAKAYA, , 1977a were reported.
Air-dried preparation is simple in technique.
Confirmation of the results using fresh frozen dried ultrathin sections in which the elements are assumed to be better preserved (GULLASCH and KAUFMANN, 1974 ) may help to obtain exact interpretation.
